Objectives: Enhanced external counterpulsation (EECP) could improve endothelium-dependent vasodilatation of carotid artery and restore imbalance of nitric oxide and endothein-1 in patients with coronary artery disease. Our study was designed to test the hypothesis that long-term EECP may protect vascular endothelial cells from apoptosis by modifying apoptosis-related gene expression. Methods: Eighteen male Yorkshire pigs were randomly assigned to three groups: usual diet (Normal), high cholesterol diet (HC) and high cholesterol diet plus EECP (HC + EECP). Vascular endothelial cells were isolated from the aortic endothelium and identified by CD31 staining and DiI-Ac-LDL reaction. Morphological changes were observed by both scanning and transmission electronic microscopes. TUNEL technique was applied to detect the apoptotic index of vascular endothelial cells. Two genes, Apaf-1 and BIRC2, were chosen for exploring the potential mechanisms of action at the molecular level. Results: EECP brought a certain degree of alleviation from ultrastructural changes such as shrinking and blebbing of cytomembrane, marginalization, degeneration, and fragmentation of the nucleus. EECP also significantly reduced apoptotic indices while compared with that of control (177 ± 12‰ vs. 237 ± 23‰, P b 0.05). The Apaf-1 expression at both protein and mRNA level in pigs of HC + EECP group was significantly decreased than those of the HC group (P b 0.05), whereas the BIRC2 expression was significantly enhanced after EECP treatment, documented by immunostaining and semi-quantitative RT-PCR analysis, respectively (P b 0.05). Conclusions: EECP could protect vascular endothelial cells from apoptosis, thereby delaying the progression of early atherosclerotic lesions possibly through transcriptional down-regulation of pro-apoptotic gene Apaf-1, and up-regulation of anti-apoptotic gene BIRC2.
Introduction
Vascular endothelial denudation results in the deposition of lowdensity lipoprotein cholesterol (LDL-cholesterol), which stimulates in situ recruitment of leukocytes, platelets and macrophages. Foam cells are formed when LDL-cholesterol is engulfed by macrophages, which signifies early atherosclerosis. Increased apoptosis of vascular endothelial cells may contribute to the early development of dyslipidemiainduced atherosclerosis, especially the formation of vulnerable plaque [1] . In vitro cell-culturing studies suggested that increased shear stress reduces endothelial apoptosis [2] , but this effect has not yet been confirmed in vivo.
Enhanced external counterpulsation is a non-invasive pneumatic technique with well-documented therapeutic value for the management of patients with atherosclerotic ischemic cerebro-cardiovascular diseases [3] . Studies showed that EECP significantly increases flow shear stress to vascular endothelial cells, which in turn modifies the expression of several endothelium-related factors, and subsequently inhibits endothelial proliferation, improves vascular remodeling, and consequently improves and protects the integrity of vascular endothelium in porcine model of hypercholesterolemia and promotes myocardial angiogenesis in model of myocardial infarction [4] [5] [6] [7] . However, the underlying mechanisms of benefits, particularly the molecular basis and its signal pathway, still remain partially known.
In the present study, the effect of EECP on endothelial apoptosis and expression of apoptosis-associated genes were explored on a porcine model of hypercholesterolemia.
Methods

Establishment of porcine model of hypercholesterolemia
Eighteen male Yorkshire (male) and Landrance (female) crossbred pigs (Swine Plant of South China University, Guangzhou, China) were randomly assigned into three groups: normal diet and high-cholesterol diet with or without EECP intervention. This study was approved by the Animal Research Facility of Sun Yat-sen University and conformed to the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH publication No. 85-23, revised in 1996). Six pigs were fed with normal diet (Normal group: n = 6, body weight 8.2 ± 1.2 kg) over the period of study of 15 weeks. Twelve pigs were fed with high-cholesterol atherogenic diet containing 4% cholesterol, 10% yolk powder, 8% lard, and 1.2% salts for 15 weeks. After 8 weeks of high-cholesterol feeding, while still on the atherogenic diet, six hypercholesterolemic pigs (HC + EECP group, 8.3 ± 1.1 kg) were subjected to EECP intervention. The remaining six pigs served as hypercholesterolemic control (HC group, body weight 8.0 ± 1.3 kg). All animals were anesthetized with midazolam 5 to 10 mg IM and 3% pentobarbital 10 mg/kg per hour IV infusion. Blood samples were collected at weeks 0, 8 (Pre-EECP), 12 (During-EECP), and 15 (Post-EECP) of study for the measurement of lipid profiles (Hitachi 7170A Tokyo, Japan). At week 15, all pigs were killed with an overdose injection of 10% potassium chloride into the hearts.
EECP protocol
Animals in the HC + EECP group were given a total of 36-h EECP treatment, which consists of a 2-h session every other day over a 7-week period, resembling the standard clinical EECP protocol. As previously described [6] , EECP (model: EECP-MC2, Guangzhou, China) was performed by laying the pigs on their left side and wrapping 2 sets of cuffs modified to closely fit the lower extremities and hips of the pig. The cuffs were sequentially inflated with compressed air from distal to proximal in early diastole and simultaneously deflated right before systole. Effective hemodynamic index of EECP was indicated by achieving a diastolic-to-systolic ratio N1.2 with the use of plethysmographic technique.
Harvestment of aortic artery and isolation of aortic vascular endothelial cells
At the completion of the study, animals were euthanized by intraventricular injection of 10% potassium chloride, and the whole aortic artery was promptly harvested from aortic arch to the bifurcation of iliac arteries. The aorta was quickly lavaged with PBS buffer, and cross-sectioned into two parts at the level of the orifice of renal artery. The distal segment was subjected to Sudan III staining (as will be described later). The proximal segment was then digested by 0.2% type-I collagenase (Sigma) for 8 min and then centrifuged in 4°C for the collection of endothelial cells. Half of the collected aortic endothelial cells (ECs) were fixed with 40 mL/L polyformaldehyde for 24 h, and then transferred to 30 g/L agarose for dehydration and paraffin embedment. The remaining collected ECs were applied for total RNA isolation following the TriZol (Invitrogen) protocol and then stored in −70°C freezer for further studies.
Identification of isolated aortic endothelial cells [8]
To identify the property of isolated aortic endothelial cells, collected cells were embedded in paraffin, sectioned into 4 μm slices, then dewaxed, hydrated, and treated with 3% hydrogen peroxide. Then mouse polyclonal CD31 antibody (at 1:100 dilution; Boster Biological Technology, Inc, Wuhan, China) was applied and incubated at 37°C for 1 h, then stained with SABC, enhanced by DAB, dehydrated in a graded ethanol series, and followed by dimethylbenzene treatment to improve transparency, and finally mounted with neutral gum. In addition, DiI-Ac-LDL protocol was also conducted for the further confirmation of endothelial characteristics [9] . Briefly, isolated cells were treated with DiI-Ac-LDL (1 μg/μL), incubated for 4 h, and then subjected to fluoroscopic analysis. Cells with red fluorescence were identified as viable aortic endothelial cells. Positive staining cells were subjected to the image processing and expressed as the percentage (%) of number of positive cells over the total cells in the high-power field.
Macroscopic study of lipid deposition in aorta
The distal segment of aorta was longitudinally incised and fixed in 10% neutral formaldehyde for 48 h, then stained with Sudan III to examine the endovascular lipid deposition. Fatty streak and atherosclerotic plaque were photographed and analyzed with Zeiss-KONTRON IBAS 2.0 Image Processing System for the quantitative analysis of Sudan-III-positive area over the total area of the vascular endothelium.
Electronic microscopic study of aortic endothelium
Two 0.5 cm × 0.5 cm mini-segments of ascending aorta were excised and dealt with iced PBS buffer, and then fixed in 2.5% glutaraldehyde for both electronic microscopic scanning (JSM-6330 F SEM, JEOL Inc., Japan) and electronic microscopic transmission analysis (H-600 TEM, Hitachi Inc., Japan).
Investigation of aortic endothelial cell apoptosis
Each sample of paraffin-embedded aortic endothelial cells (ECs) was sectioned in 4 μm segments. One segment was randomly subjected to TUNEL study (in situ end labeling detection of endothelial apoptosis, TUNEL Kit from ROCHE, Germany) and analyzed by high-power microscope. Positive stained endothelial cells in every 100 endothelial cells in each high-power field were counted in 10 random high-power fields. The apoptotic index was calculated as the number of positively stained cells over 1000 endothelial cells.
Immunocytochemical study
As described earlier, serial paraffin-embedded cross sections of ECs were also subjected to immunostaining according to the streptavidin-biotin complex immunohistochemical technique. Sections were incubated with rabbit monoclonal Cleaved Caspase-3 antibody (at 1:400 dilution; Cell Signaling Technology, Inc. Danvers, MA, USA), rabbit polyclonal Apaf1 antibody (at 1:200 dilution; Labvision Corp, Fremont, CA, USA) and goat polyclonal BIRC2 antibody (at 1:200 dilution; R&D Systems Inc, Minneapolis, MN, USA). Controls in the absence of primary antibodies were also performed. By taking the similar measurement of the apoptotic index, the number of Cleaved Caspase-3, Apaf1-positive and BIRC2-positive cells in every 100 endothelial cells in each high-power field were counted and added up to be divided by 1000. The quotient was then defined as the respective positive rate.
Semi-quantitative RT-PCR analysis
Total mRNA was isolated from collected endothelial cells of proximal portion of aorta and then subjected to reverse transcription by the use of RNA PCR-Kit (Sangon Inc. Shanghai, China). While cDNA was synthesized, 3 μL of the cDNA was used for polymerase chain reaction (PCR), with ACB (β-actin) as internal control. The primer sequences of different genes are shown as follows: Caspase-3-upstream: 5′-AAT,GCA,GTT,AAG,TCA,TCC,GTG,T-3′; downstream: 5′-TAG,TTT,GTA,TGC,CAA,GTG,AGA,A-3′; product size: 418 bp. BIRC2-upstream: 5′-GTT,AAA,TCT,GCC,TTG,GAA,ATG,G-3′; downstream: 5′-CTC,GCT,TGT,AAA, GGT,ATC,TGT,G-3′; product size: 335 bp. Apaf1-upstream: 5′-TCC,TGC,TCC,CTC,TTG,TTT, CTT,A-3′; downstream: 5′-AAA,TAG,GTT,GGC,TGG,AAG,GTT,A-3′; product size: 331 bp. ACB-upstream: 5′-GCT,GTC,ACC,TTC,ACC,GTT,C-3′; downstream: 5′-GTG,GAC,ATC,CGC, AAA,GAC-3′; product size: 447 bp. All primers were synthesized by Chipscreen Ltd. Shenzhen, China. The reaction conditions are 95°C denaturation for 2 min; the following is the cycle for a total of 23 cycles: 95°C for 15 s, 55°C for 15 s, 72°C 30 s, and at last 72°C extension for 5 min. Five microliters of the final product was sampled for 1.5% agarose-gel electrophoresis and then scanned by gel image system. Densitometry was performed for semi-quantitative analysis of the above genes by comparing with internal control of ACB.
Statistical analysis
Data are presented as mean ± SD unless indicated otherwise. When homogeneity of variance was confirmed by the Levene variance homogeneity test, statistical comparison among three groups was performed by one-way ANOVA. If the F test results were b0.05, post hoc comparisons were performed with the Bonferroni test. A value of P b 0.05 was considered statistically significant. SPSS 13.0 software was used for all statistical analyses.
Results
Changes in body weight and blood lipid profiles
There was no significant difference of body weight among three groups at baselines, pre-EECP, during EECP and post-EECP treatment. Serum levels of total cholesterol (Chol) and low-density lipoprotein (LDL) among groups were similar at baselines, but significantly increased in animals of group HC and HC + EECP, indicating a successful establishment of a porcine model of hypercholesterolemia through high-cholesterol diet (data shown in Fig. 1 ).
Atherosclerotic lesions in abdominal aortic endothelium
Animals of HC and HC + EECP groups demonstrated positive staining of Sudan III dye while compared with that of Control. More atherosclerotic lesions and lipid deposition were observed at locations of bifurcation (percentage of positive Sudan III staining area: 9.48% ± 2.28% in the HC group, 6.53% ± 0.81% in the HC + EECP group vs. 1.66% ± 0.18% in the Normal group, P b 0.05). EECP treatment significantly attenuated aortic atherosclerotic damage documented by quantitative imaging analysis (percentage of positive Sudan III staining area: 6.53% ± 0.81% in the HC + EECP group vs. 9.48% ± 2.28% in the HC group, P b 0.05).
Characteristics of isolated aortic endothelial cells
As previously described, isolated aortic endothelial cells were prepared and identified by CD31 immunocytochemical staining [8] . The positive CD31 staining cells consisted of 96% of total cells when analyzed by image processing system. Furthermore, cells with positive DiI-Ac-LDL reaction, identified as viable vascular endothelial cells, accounted for 95% of total cells (Fig. 2) .
Impact of EECP on the apoptosis of aortic endothelial cells 4.4.1. Electron microscopic study
Scanning electron microscopy showed the orderly array of abdominal aortic endothelial cells in the Normal group, and also the complete surface integrity of the cells. The endothelial cells had intact cytomembrane and were fusiform in shape, indicative of consistency with blood flow direction (Fig. 3A) . However, in animals of the HC group, it is observable that the endothelial cells were disorderly distributed and noticeably exfoliated, with significant shrinkage of cytomembrane and subsequently cell volume, which is characteristic of cells undergoing apoptosis (Fig. 3B) . After EECP treatment, the HC + EECP group exhibited a certain degree of alleviation from the above morphological changes (Fig. 3C) . Fig. 3D and 3E showed the typical normal and shrinking apoptotic endothelial cells under scanning electron microscopy. Accordingly, under transmission electron microscopy, EECP was also shown to prevent apoptosis of vascular endothelial cells by reducing shrinking and blebbing of cytomembrane, marginalization, degeneration, and fragmentation of the nucleus compared with the animals of group HC, whereas there was no obvious endothelial cell damage in pigs fed by normal diet. Fig. 3F, 3G , 3H, and 3I represented normal epithelial cells and apoptotic endothelial cells at early stage, mid-stage and late stage respectively, while Fig. 3J revealed typical apoptotic bodies of a shrinking endothelial cell (Fig. 3) .
TUNEL study
The morphological features of apoptotic endothelial cells based on TUNEL technique were shrinkage in cell volume and an amber-colored cell nucleus. Positively stained aortic endothelial cells per 100 endothelial cells in each high-power field (400×) were counted in 10 random high-power fields. The apoptotic index (AI) was then calculated as the number of total positively stained cells over 1000. The apoptotic indices in Normal, HC and HC + EECP groups were (127 ± 36)‰, (237 ± 23)‰, and (177 ± 12)‰, respectively. The AIs of HC group and HC + EECP group were significantly higher than that of the Normal group (P b 0.01), whereas the HC + EECP group had significantly lower AI than HC group (P b 0.05), as shown in Fig. 4 .
mRNA expression and bioactivity assessment of Caspase-3 in aorta endothelial cells
Caspase-3, as a critical executioner of apoptosis, is responsible for proteolytic cleavage of many key proteins in apoptosis. The mRNA expression level and bioactivity assessment of Caspase-3 in vascular endothelial cells of Normal, HC and HC + EECP groups were shown in Fig. 5 . The mRNA expression of Caspase-3 gene in aortic endothelial cells significantly increased in animals of HC and HC + EECP groups compared 
Effect of EECP on apoptosis-modulating gene expression 4.5.1. Immunocytochemical study
The positive expressions of the Apaf-1 gene in HC and HC + EECP groups were significantly higher than that of the Normal group (293 ± 12‰ in HC, 249 ± 11‰ in HC + EECP vs.168 ± 30‰ in Normal group, P b 0.01), and Apaf-1 expression was also inhibited by EECP treatment (249 ± 11‰ in HC + EECP vs. 293 ± 12‰ in HC, P b 0.05), as documented by immunocytochemical staining (Fig. 6, left  panel) . Pearson correlation analysis revealed a positive correlation of Apaf-1 expression and apoptic index of endothelial cells (r = 0.877, P b 0.01). On the contrary, positive staining rate of BIRC2 was significantly lower in animals of the HC and HC + EECP groups compared with that of the Normal control (131 ± 17‰ in HC, 213 ± 10‰ in HC + EECP vs. 270 ± 16‰ in Normal group, P b 0.01); the decreased BIRC2 expression was then significantly restored in pigs treated by EECP (213 ± 10‰ in HC + EECP vs. 131 ± 17‰ in HC, P b 0.05) (Fig. 6, middle panel) . Pearson correlation analysis revealed a negative correlation between BIRC2 expression and the apoptotic index of endothelial cells (r = −0.888, P b 0.01).
Semi-quantitative study of apoptosis-modulating gene expression
The mRNA expression of Apaf-1 and BIRC2 genes in animals of the Normal, HC and HC + EECP groups were shown as (Fig. 7) .
Discussion
In this study, we successfully established a porcine model of hypercholesterolemia by feeding animals with a high-cholesterol diet, and verified that hypercholesterolemia could stimulate apoptosis of vascular endothelial cells, and subsequently inflict damage to the structural and functional integrity of vascular endothelium by using scanning electron microscopy, transmission electron microscopy, quantitative analysis of endothelial cell apoptosis based on TUNEL technique and assessment of Caspase-3 activity with Cleaved Caspase expression. Long-term EECP could prevent aortic endothelial cells from apoptosis through modulating apoptosis-related gene expression of Apaf1 and BIRC2 in hypercholesterolemic porcine model.
According to the "injury-response theory" of atherosclerotic pathogenesis, apoptosis of vascular endothelial cells is the "triggering" event in the cascade of atherosclerosis [10] . In response to the endothelial injury, leukocytes, platelets and macrophages are recruited to the site of injury. The macrophages will then engulf the deposited low-density lipoprotein cholesterol and further form foam cells. Therefore, the vascular endothelial cell apoptosis has become one of the research priorities for atherosclerosis, with endothelial cells being one of the potential therapeutic targets [1] .
As described earlier, EECP utilizes ECG-gated sequential inflation of cuffs wrapped around the lower extremities and buttocks at diastole to improve diastolic filling pressure as well as perfusion to the coronaries, and also increase vascular shear stress which results in improvement of vascular endothelial function [6, 11] . Studies have also documented the non-invasive therapeutic effect of EECP in the management of atherosclerotic diseases, especially coronary artery disease [11, 12] . However, little is known about the molecular mechanisms and cellular transductions of EECP with regard to its endotheliumprotective benefit. Tao et al. [7] demonstrated that EECP might partially improve impaired endothelium-dependent vasorelaxation in pigs with hypercholesterolemia, suggesting that the restoration of endothelial function might at least in part contribute to the benefits of EECP treatment in clinical practice. Akhtar et al. [13] have also examined the effects of EECP on plasma nitric oxide and endothelin-1 (ET-1) levels in patients with stable angina pectoris. After 36 h of EECP, there was a 62 ± 17% increase in plasma NO compared with baseline (43.6 ± 4.3 vs. 27.1 ± 2.6 μmol/L, P b 0.0001) and a 36 ± 8% decrease in plasma ET-1 (76.7 ± 9.5 vs. 119.5 ± 8.5 pg/L, P b 0.0001), providing neurohormonal evidence to support the hypothesis that EECP improves endothelial function. As previously proved by in vitro studies, increase in shear stress is associated with a fusiform distribution of vascular endothelial cells along the blood flow, which further counteracts the ballistic injury of blood flow and enhances the self-repairing properties of endothelial cells, and in turn inhibits endothelial cell apoptosis [2] . To further explore the molecular basis of EECP benefits, Chen et al. [14] confirmed the impact of EECP on expression of several apoptosis-related genes in a porcine model of hypercholesterolemia with the use of protein chip technologies, and found that those genes were related to repair of damaged endothelial cells, lipid modification, cell apoptosis, as well as cellular signal pathways. Therefore, we presumed that inhibition of vascular endothelial apoptosis might be one of the underlying mechanisms of long-term EECP treatment.
In the present study, we simulated the clinical standard treatment protocol of EECP, i.e. a 36-h treatment, in porcine model of hypercholesterolemia, and investigated the morphology of aortic vascular endothelial cells using both scanning and transmission electron microscopy. Transmission electron microscopy revealed the development of endothelial cell apoptosis, in terms of gradual progression of nuclear chromatin marginalization, degeneration, and fragmentation, and finally formation of apoptotic bodies after being fed by high cholesterol diet. EECP treatment could prevent aortic endothelial cells from the development of apoptosis. We also applied TUNEL technique to quantitatively analyze apoptosis-related DNA (based on apoptotic index calculation) and investigated apoptosis-executive Cleaved Caspase-3 expression in cytoplasm, and demonstrated that EECP could improve endothelial damage due to hypercholesterolemia via inhibition of vascular endothelial cell apoptosis. This is presumably one of the mechanisms through which long-term EECP alleviates or even reverses the process of atherosclerosis.
Our previous research has found enhanced genetic expression of BIRC2 and decreased Apaf-1 RT-PCR level between the HC + EECP and HC groups by gene chips studies. Therefore, in order to further elucidate the molecular mechanisms of EECP with regard to its inhibitory effect on vascular endothelial cell apoptosis, expressions of BIRC2 and Apaf-1 genes were investigated and compared before and after EECP treatment. Caspase activation is the pivotal element in the signal pathway of apoptosis, modulated by a variety of proteins within the cell, including the Bcl-2 and HSP family proteins, as well as the Caspase inhibitors [15] . Inhibitor of apoptosis protein (IAP) exerts a negative regulation on the activation and bioactivity of Caspase cascades [16, 17] . BIRC2 is a member of the IAP family. When subjected to high shear stress in vitro, the apoptosis rate of cultured vascular endothelial cells was significantly lower, which was later found to be associated with an up-regulation of BIRC2 transcription as well as increased stability of BIRC2, and thus a diminished bioactivity of CASPASE, resulting in a final inhibition of cell apoptosis [18, 19] . We therefore hypothesized that EECP might enhance BIRC2 expression of vascular endothelial cells, suppress CASPASE bioactivity, and consequently bring forth an anti-apoptotic effect through an increase of endothelial shear stress. The present in vivo study documented an increase in the BIRC2 mRNA transcription by using the techniques of immunocytochemical staining and RT-PCR, indicating that upregulation of BIRC2 gene could be an underlying molecular were presented (top) and quantitatively analyzed by comparing with the internal standard β-actin (bottom). Relative mRNA expression of Apaf-1gene was increased significantly in the HC group but declined after EECP. However, mRNA expression of BIRC2 gene was decreased remarkably in the HC group; EECP could significantly restore its expression. Data were expressed as mean ± SD; #P b 0.05 compared to Normal; *P b 0.05 compared with group HC. mechanism of the inhibitory effect of EECP on vascular endothelial cell apoptosis.
On the other hand, apoptotic protease activating factor 1 (Apaf-1) is a CED-4 analogue with a 130 kDa molecular weight. Contrary to the effect of BIRC2 on CASPASE, Apaf-1 is the key element of apoptosome formation in mitochondrial apoptosis. Apaf-1 is considered to be a direct apoptosis activator, which enhances Caspase activation and subsequently induces cell apoptosis via sophisticated intracellular regulatory pathways. In the development of atherosclerosis, various apoptosisinducing factors, including ox-LDL, ROS, ATα, TNF-α and IL-6 and so forth, attack vascular endothelial cells intrinsically, via decrease in mitochondria transmembrane potential (≥Ψm) and release of cytochrome C, which then leads to apoptosome formation, and as a result CASPASE 3 activation; or extrinsically, via activation of Caspase-8, which then activates Caspase-3, or crosstalk into mitochondria-dependent apoptosis. Caspase-3 then initiates the Caspase cascade, which results in cell apoptosis. Therefore, Apaf-1 is crucially important in the Caspase cascade [16, 20, 21] . We observed a down-regulation of Apaf-1 gene at both mRNA and protein level after EECP treatment, suggesting a possible involvement of anti-apoptotic effect on the vascular endothelial cells induced by EECP.
In summary, our study demonstrated that EECP could protect vascular endothelial cells from apoptosis via up-regulation of BIRC2 gene and down-regulation of Apaf-1 gene, in turn to suppress activation of Caspase cascades. However, in terms of study limitations, a relatively small sample size as well as limited amount of isolated endothelial cells (approximately 10 6 -10 8 ) could not permit us to resort to other advanced techniques such as flow cytometry, or direct assessment of Caspase activity or DNA fragments. Therefore, a more prudent selection of methodologies in future studies is of our primary concern. In addition, concerning the increase of EECP-induced shear stress for apoptotic endothelial cells, further investigation of the intracellular and extracellular pathways for signal transduction is definitely warranted.
Summary
EECP was applied to Yorkshire pigs with hypercholesterolemia for 36 h. As results, EECP brought a certain degree of alleviation of ultrastructural changes and significant reduction of endothelial apoptosis, with a combination of decreased Apaf-1 gene expression and enhanced BIRC2 gene expression. This study demonstrated that long-term EECP may protect vascular endothelial cells from apoptosis by modifying apoptosis-related gene expression.
